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DESCRIPTION 



HEAT PIPE AND METHOD FOR MANUFACTURING SAME 

TECHNICAL FIELD 
The invention relates to a thin heat pipe having good heat conductance and a 
method for manufacturing the same. 

BACKGROUND ART 
Conventional heat pipes of this type have been disclosed for example in Japanese 
Un-examined Patent Publication Nos. 2002-039693 and 2004-077120. 

The conventional heat pipes comprise: a container constituted by superimposing 
wail members on or below stacked partition plates each composed of a thin plate with slits 
(wig); and a refrigerant enclosed in a container interior space defined by the slits 
Particularly, according to the technique described in Japanese Un-examined Patent 
Publication No. 2002-039693, the partition plates are stacked such that each slit is 
displaced in its widthwise direction. 

Generally, enclosure of a refrigerant into a container interior space is carried 
out by providing a hole in a side surface, an upper surface or a lower surface of a heat pipe 
chargmg a refrigerant into the container interior through the hole, and then closing the' 
same by caulking or the like. 

According to such conventional heat pipes, the heat pipe is constituted from thin 
and tabular components, and thus there is an advantage that a flat and thin heat pipe of 
so-called "flat type" can be provided. Furthermore, there are other advantages which no 
pnor heat p ap es have, such as extremely excellent heat conductance due to a portion with 
whtch the slits are conununicated serving as a flow passage for the refrigerant as well as a 
section where the slits are displaced serving as a movement passage through which the 
refrigerant is movable with the aid of a capillary phenomenon. 

DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 
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Although the ab^menuo,,* * mt * mtn , m 
conductance can be enhanced despite their .bin and tabular shapes, has been 

«. demand for fhnhe, of taa ^ ^ ^ J 

improvem^inl^conductanMisgomgoatocraasmg. ~ 

Moreover, the convention beat pipes bave been inefficient » , 
reftgeran, such as water i«o a container interior space. Ms is because alter charging a 
refrigerant tato a container interior space through reftigeram charging bo.es, cau^L 
fixaug a sealntg member was necessary for each refrigerant charging hole. Tins has been a 
hindrance to enhancement of productivity » be attained through the manufacture of a 
large number of beat pipes simultaneously to achieve price reduction 

Furthermore, there has also been a problem mat me sealing member fixed to the 
confer by caulldng often protrudes fiom an outer surface of the container and is fflcely 
to obstruct the attachment of beat pipes. 

Moteover, in the conventional art, when the tempetature of the hea, pipe rises due 

ir.Tr ^ ^ "* *~ *" * *« * *— «n 

occurs to the beat pipe due to being subjected to a load to expand in me vicinity of a center 

thereof, due to thetmai expansion of the tefrigerant. Tins is caUed "popcon, phenomenon" 

I. has been found out by the inventors of the present invention mat such 

Phenomenon can sometimes desttoy the join, between the constituting plates of the heat 

-.^rrrr^vToir - ^ - - - *• 

It ts, therefore, an object of the present invention to povide a thin and tabular 
beat p,pe with enhanced heat conductance. 

It is another object of the present invention to provide a method for 
manufactunng a beat pipe, winch enables easier manufacture of such beat pip!/ 
e— y e^bhng such thin, tabu* beat pipes having good hear conduct ^ 
supplied at low price. 

It is a iunher object of fire invention to provide a method for manufacnuing a heat 
enclosure of refrigerants into a large number of heat pipes. 
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StiU fimher, it ta augtenf^ taTOmi ^ 
si^eofU M: h eaI p i p etol ^^^ Su -.„..ix«,vf. " muness of the outer 

reduction of™ f to °*®SrSupmred by a seahng member, which enables further 
.eduction of numufecrurmg enough me simultaneous enclosum of retries ^ a 
large number of heat pipes. serums into a 

fa addition to me foregoing, i, is a further object of the tavention to prevent 
dterma, expansion from being cans* by hea, from a device to be cooted during use of Z 

thereby enhance the reliability of a heat pipe. ' * 

MEANS FOR SOLVING THE PROBLEMS 

A heat pipe of a first aspect of the invention comprises: 
an upper member having a concave portion on a lower surface; 
a lower member having a concave portion on an upper surface- 
one or more intermediate plate members provided between said upper member 
and said lower member, said intennediate plate member including a plurSty " 
con_ g a vapo r path extending in a planar direction, communicafing with Z con ^ 
pontons of sa >d upper and lower members to form a sealed space defined by said sZL 
concave portions, 

a refrigerant enclosed in said sealed space, and 

capillary holes formed throueh a non-sli™^ ... 

uyi a «on-snitea portion of said intermeHint,. „i„, a 

According to a firs, aspect of the present invention, paths of vapor for use wirh a 
£™« ~ in ap,ancr direction can be defined by the sins fled ZJL 
nutate plate members, white the ca pilI ary holes verucaUy formed through the one! 

at c °nauction effect by the capillary oath of fif,w r« rv,~ 
. _ H"wy pam or Mow to the conventional hear 

^Z^T by * K ^ *- — - — - - - £ 

Specifically, more capillary holes are pmvided in non-slitied ponions of *. 
-termed*,, piate ^ bm , p^ of „ _ ^ _ ^ 
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— havfa e the capilJaiy hole defined as a •housh-ho.e 2^^2 " 
such that the though-holes of said intenttediate nta* ^ 
Paniauy to define said capiltoy ^tl , " "* 

eachthrough-hoje. ™ g " ** ~ "™« *» *» of 

According lo the second aspect of the invention, there is provided the beat Dice of 
*. &S. aspect, fa ^ ^ rf **""" W,a ' 

overlacmed o«iv n uwennetuate plate members axe 

lapped only pamally to define said capillary path of flow having a oW 

™, to o^ tr^ : " ** - — - 

' means ™ ^ Present invention enables the formati™ .f . u 
narrow (or ntinntcj MpUlary ^ ^ goes " 

fornnntann^ „. ^ ^ ^ —~ 

wherein raetat ^H"" " ' ^ ** * « " - **** 

surface of a, „^ ^T," ^ — *« «*» - - outer 

*e heat pipe, wTel " ^ "* * * «* * 

projection, herein satd device mounting section is fotnted integrally with a plurality of 

■east one^LTnT "7 ~ ^ *— " * — — - 

anocarad JL IZcetraT ~* ~ & ^ — «• 

be fhrtiter unproved ? ~ ^ *" "«*■ «*» «° *• can 

cuaance ttie neat conductance. This is because 
having substantial areas are h™^ • , when cen ^ surfaces 

31633 816 brought into close contact with each o k 

air is confined within an inr^ u ' a P hen °roenon that 

even though J^Zl ^ ~ — * ^ » — 
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Therefcm. it is not rare that fid] be* dissipation aW 
dev.cc to be cooled such a, CPU is unable to be obtained whenCPU hZl T 
rCease vah* to „ rouires sn.nger ta di.sipadoTe^T CPU has such a Urge neat 

atep.ovidrrZr^^^^^ 0 ^— ^-P^cns 

-LSI JltZZT TT md * m * m ^ - ~- 

of ait present merle^eT ^ °™ " "* °^ "*« * <*- 

- a ^T",' f~ "* ^ ' P— 

therebetween " C °°' ed » »*« •« — « 

Ptovtdedanopntnalbea.pipefo.heatdUsipanooofCPUotntel 

device JLZ^T™ ^ T ' *~ — * - 

nng secnoms arranged in the center of said beat pipe while each „f •.. ,. 

"tends in an oblique diction reladve ,o sides of said hea, ! ~ *" 

fiom said device mounting section. " m * 

heatcondncdoneatll: ^ " ^ ^ ~* 

Aheat pipe of a fifth aspect of the invention is the one se, fhrrt, ■ 
and fourth aspect, wherein said upper member iT,Z7 m °" " ** ^ 

member arejoincd to each other h TT """"a*"* piate members and lower 

aperiph^ ^T^^T 1 ^ 0 ^^^^ 
-unnngsecdontoanei.hborhtdmir " ^ * ^ **• 

neat P!P e itself caused by the exnanci™ ~o u 
enhance the rehabihtv and durabiiitv of the hi p£ ~"- » ^ 

comp^r ~ ^ ^ " ' ^ fM — ' - *- - «- 
Ptoparing a iowor member having a conenve portion on an upper surface, an 
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upper member having . concave pomoo on a lower surface, and one or morc 

planarduecnou, communing ^ ^ ^ rf ^ « 
members when said members are joiacd together; 

formic projections on at teas, one of oppose surfaces of said members to be 
jmned so that said project am termed m a petiphera. portion of said he* pipe and 
ton a penphera, portion of said device mounting section ,o a neighborhood thereof and 

jommg said npper member, one or more intennediate plate members and'lower 
member together by hot pressure-welding of said members in positions whom said 
projecnons are formed. 

Accordingly, hea, and pressure me allowed te be concerned on portions to be 
jomed m me respective members so mat they are joined together simultaneously where the 
pro„ for JM nt pmpose am fanned. As a maul,, the joining process essential for 
mteg^on of *e members in,o a hea, pipe can he performed wifcou, a „ elding 
or bonding process. 8 

A seventh aspect of the invention is a heat pipe, comprising: 

an upper member having a concave portion on a lower surface; 

a lower member having a concave portion on an upper surface-' 

one or more intermediate plate members provided between said upper member 

- satd lower member, sa* intermediate plate member including a « 

—tmgavaporpame^ 

s ~er upp ; r iower sa * — — — - - ■ 

space defined by said sbts and concave portions; 

one or mom refrigerant charging holes formed through one of said upper and 
lowermembem, said charging tolas communicating wHh said sealed space; 

a refrigerant enclosed in said sealed space, and 

a sealing plug for sealing each of said mfrigeran, chaiging ^ M 
Plug beuig made from ductile metal. 8 

the sealeTrrt; T^"" " ^ *" ™ 

* " h * " * *" -"■« J*« «* from ductile metal such as 

In sealing by the sealing plug made from ductile metel, me ductile metal is placed 
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~* &c refrigerant Cta^ hole „ ^ by to 

phstic flow. After beiu B ^ed, heating is stopped so that the ducrile meta, thai ~* 
mfcgeran, charging hole serves as tite seating plug. 

simultaneous enclosure of tite refrigerant ean be earned out all a, 

ZL " t! n,TOber ^ *" PiPeS - ^ 3 ^ ean be enhance^ 

resulting mmakmg great contribution to priee reduction. 

asoeet ^ IT ^ " "* k^"" " ~ f<OTh * *• * 

aspect, further comprising one or ntore degassing grooves fonned on a peripheral inner 

^ce or each or said refligemut charging holes, wherein said degassing 'cove teeX 

Ulterior space betng communicated with an exterior space until each refrigerant changing 

hole rs sealed fltily b y safd seating plug, wttle said degassfng groove allows fhe j£2 

«,e to be sealed when each refHgerant charging hole Is sealed fuuy hy ^ 

hole d AMMdinSly ' ° D "* "«•— Charging 

hole, degassmg ,s performed through the degassing groove under reduced preZ 

(vacuum, and men me refrigerant charging ho,e is sealed by me ductile metal foZTy 
provrde me fully sealed space wlmin the hea, pipe ™ to thereby 

space of Het ** *~** "* * "** *- *» sealed 

space of me heat plpe is complefely shut off from the exterior thereof, so mar no .eakage 
of the refrigerant is likely to occur. 8 

e ieh ,h f C °" "** ° f * *• 0De s « fen » «« *e seven* or 

^aspect w herein each refrigeran, charging hole has a hugcr diameter in a top poll 

each mfhgeraut chargmg hole is not protruded ftom an outer surface of me member 
formed with said refrigerant charging hole. 

bottom noT^' ° f ^ *"* — ' *« ta «*- fiU «> *• —ta 

uTr T \ 10 te ~~ - *e iarger top ^ 

heat pipe. As a maul,, „ is possible to proven, any projection ma, may impair me flamess 
ofmeheatpipetrombeingptodueedbymesealingprocess 

A tenth aspec, of tire invention is a method for manufacturing a hea, pipe, said 
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method at least comprises the steps of: 

upper jri g " ^ ^ ' ~ P— - - W surface, «, 

ZT k * ^ ° n 3 ' OWer « « -« Mediate 

members when ^ memberaaiejoinedtogethet » ™a lower 

joined; anr* " " ° f «—»• - be 

joining said upper member, one or more imenncdiare plate members and lower 
member togedrer by bo, presaure-welding of said members in positions w*ere Z 
projections are formed; 

supping . refiigerant _ ^ ^ ^ ^ reft . 

hole under reduced pressure; and S g 

cha^ TT 8 3 meraUiC ^ SKViDg ^ Said s ^ !*« «cb reageran, 

h^gm hole, and then pressure-welding said ductile metallic body ,o thereby £Z 
satd seahng plug for each refligeram chatging ^ 6y 

According ,o me method, simultaneous sealing can be eartied ou, through a 
smglesealmgpmcessforalargenumberofheatpipes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

- whichF* T ^ 0M ^ * " <* tendon, 

» wmehF,g. 1(A) ts a bottom vtewthcreof, Fig. 1(B) and 1(C) plan views thereof where 
» Upper member la removed and a principal part is enlaced in the latier Fig 
sectjon thereof, respectively. g ' C a 

an e* , hT 2W 2<B) 3130 ^ in wbieh Fig 5(AJ is 

ITT ^ « ^ ^ * view of a owe! 

member thereof which is turned upside down. 

Fi ^ 3(A,,03 ^^ ow P^viewaof^pecdvemcmbersofmehc at p iD eof n ,e 
o-gotug embodiment, in which oniy the upper member is turner, upside dovl Z Ffe 
3(E).sapania Uy cmawayenhugedview 1 he rc of "own, wmle Ftg. 

manufacnig 1^ £ ^ 7 ' — ' 

g the heat ptpe of the foregomg embodiment of the present invention, in 
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which Fig. 4(A) to 4(C) am sections .hereof amalkau ^ . 

chronological order, while Fi a 4fl» . „,„„ „. T macIUIme *ereof » 
endosed rhereir, **" ' h WhWl * is 

Fig. 5 is a bottom view showing . heat pipe of another embodiment of the 

Hg. 6 is a section showing a hear pipe of a funher embodiment of the invention, 
fgs. 7(A) to 7(C) are each explanatory cross-sectional diagrams briefly 

Ftgs. 8(A) and 8(B) are percpecuve views of a copper phue and ma heat pine of 

airr ' « - **— — o n where ^ e 

distribution m the case that a central „f * , «=«perature 

schetnaticaily shown. ^ ^ P ° Btal is hea * d - 

figs. 9(A) to 9(C) show an intermediate plate member for ^ ^ 
embodiment of the invention, in which Fi* «/• a . ic - 

a ^ m wlnc * 9 ( A ) 1S a perspective view thereof Fie 9m\ ;« 

-action tha^of ta.cn aiong B-B hue of Kg. 9(A) , ^ Kg . 9(Q „ . ^ ^ " 

dev.ce monnnng section, said device mounting section being formed with a proj.cZ f^ 
hot pressure welding. projection tor 

Fig. 10 is a section of an upper member, a lower member and intermediate olate 

~i: r prepared 5,1 *■ ~ ° f - — »— « - - 

intermediate plate member illustrated in Fig. 9. S 

Figs. 11(A) to 1 1(E ) are sections of a heat pipe manufactured bv a * „ 

thereof, white Fig. 1 2 (B) is a section thereof ^ 

formed o^e 1^ Z^fTl ^ *~+ " " *— ~ 

me upper member of the heat pipe of the invention, in which Fin ntat 

P«an viewthereof, while Fig. 13 (B) is a section thereof & ^ " * 

formed "* M<B) *~ 8 ^ ° f • re ^enmt charging hole 

formed on the upper member of tire hear pipe of the invention, in which Bg^t ' 
section pnor to seahng, wiule Fig. 14 (B) is a section afler seating ' 
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BEST MODE FOR CARRYING OUT THE INVENTION 

lower Jlrf* ^ *" ^ ™ - upper a 

11 OT m ° re l ~ fate ^ ~ S fo ™ d ^ slits and vera * 

or obh W through-holes ser^g as capillary holes. For the material of moseTorT H 
lower members and im,^^ . , OI mose u PPer and 

conduce " " ^ U «»— — * <- 

moir ""•"^ ° r * e "*» * « in » device 

. the center of outa ( , e ._ toww) ^ rfte )own 
device whose he* discharge is tage, ^ „ ^ ^ ^ ^ 
provided with a projection formed integmlly tf^fl, 8 SeCn0U ^ * 

TO* the slit may be pamilel ,o ei.be, long or Aon side of the heat pipe i, mav 
be more preferab,y extended obliquely. That is because the one exten L 1 

in me center ol the heat pipe toward the outside thereof. 
Specifically in the case that a slit is formed radially from the devi™ , k 
hern can he efficiendy disced entirely and uniformly ^1 h ^ 
where the clonic device to he coo,ed is piac ed » Jpe« ^ ^f 

In the case where the two or mnr^ in t ^ A r * , 

wu or more intermediate plate member* *™ ™^ , . , 
corresponding slits mav <n - members are provided, the 

are laid on top of another so that the slits are no, di^T h >. * 

u * uloe SUK not displaced m the width direction 

Alternatively, in the ease where die two or more hiterniediBe nT», ' u 
provided, those inteimediate plate m m h™ k mttnned,ate pIate ""^ers are 

members so that me poriZ T T """^ ""^ UPP " - *™ 

member may^ mlT ^ ^ — — *- 

may comc.de to diemby consttuc, a capillary hole having the same aJL 

shape and size as me thmugh-hole of each intermediate pla* member ^ 
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Shane. „?17f 7 "* "** " reC,mSniar ^ (&r — * »"■» - 
shape). „f whlch ^ comro ^ M ^ am ta ^ 

~r shape nrndatnenmUy. . ^ „ ^ ^ ^ j£ 
of the captllary ho,e) may be comlgJted or wrinkled so as to enlarge a surface area l^Tf 

1J ^^ Vdy -^ M P m ^ ko ' e ^y^ahe X agona),cireularoreUipucalshape 
On ft. other hand, in order «„ &m the capillar, hole with a smaller 

znr r ^ ^ or more - - ^ 

*sp,aced ftom ,be ^ons ^ ^ ^ ^ ^ * 

one another so as to be only pattially overlapped, thereby enabling the J^T 
ctoss-sectiona, area of me capdlar, hole to be nn.de small as colpJtTm 
cross-section* area of the through-hole of each iutennediate plate member 

half niter" ^ diSPlSCi08 * e — *« * a 

P-* m a predetermined direedon (e g., mum! or tad*, direction,, wfth L 

-taP. -d atrangemen, pitch of each through-hole being kept the satne, i, „ ^ b e ,o' 
reduce the substantive cross-sectional area of the capmary ho,, to about W ofZ or tne 
through-hole of each intennediate plate member. ** 
^=nnore, if the position of the through-bole of each intermediate plate 

k X ^ «— — ' «• capUUr, boie^t 

cxamule ° t ^ W ° rdS ' *" " *" "* ~ ta « «*— ■ W for 

^ "7 8 ** ° f "* ° f - ^"Sh-hole of eat 

mtennedtate plate member, tbns eventually e^bUng me enhancing of the capfllar, e^ 

undersJLTf r " ^ - - 

untom^ of t T " COmm,miM,e * tt 3 ooncave pottion on the 
of the upper member, while the through-hole of the intennediate plate 
member adjacent to the upper surface of the lower member needs to communicate JuTa 
concave portion on me upper surface of me lower member, respectively 

Alternatively, more effective heat dissipation may be carted out by allowing tbe 
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, "* ' OWer membcr - -""mediate plate members may be displaced such tha, 

*e t*per the imemaediate P ,ate * the more the ttoough-hole * dispj^^ 
***** fonn the capiUary hole, whereby te fc ^ J^TZZ 

absorbed tite hea, from tba device to be eoo,ed is allowed to spread 
8 otng up througfr the capUlary bote, thus „. heaI 

ouB.de.Aceordingly.n.oreelTeetive cooling is aelueved. 

to the manufacture of the beat pipe of the invention, the upper member the 
—bate p,ate members and the lower member may be produced ZZZtZZ 
*ey are formed with project oa at leas, one of me adjacent tnemL ro b" 
whtc may be formed into a sing,e piece by beat press after suitable position adj ' 
hereby complex al, mauufceturing steps ccep, the step for the ruling J^ZZ 
"ten, a tMmnblti ^ of KfHgerara „ cJ^^Z 
one for supplymg refrigemnt, Ute other for air outlet) formed on a part of^ hTZ 
^ the upper or lower member, under reduced pressure <e,.. under 

neat pipe ol the present invention. E 

Although i, is imperative that the integration of the lower member the 
tntemtedtate plates and the upper member by means of beat ptess, unhang th^l 

277 * **** ~ iD - «*- «— - — —bers, such mm^ 
may be also carried ou, from the peripheral portions to the neighborhood. ZZZZ 
mating section for piacing ,C or LSI , so thar the expansion^ sweUut d^ ZZ 
above-mentioned popcorn phenomenon can be prevented, thus m - 
rcbabih^ and .onger operating Ufa of me heatpip.. ^ 

In the meantime, sealing can be performed by for exanrnl, ,h. ft.ii • t 
mass-pmductive method: Namely either „„ „ f „ ""^ ^ 

provided with for e*am pl e ZZZZZZZ Zn " ^ ^ "< 
renigemn, the other for ZZ.ZZZZZZZ' ^ *~ " 

te.egra.ed with one another by beat pmss or the liite. ^ by P ^ 'ZZZZ 
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one under the reduced pressure where the refrigerea, is chaageaHe teo . yaDor 
temper (abou, 0.5 Pa whea „ ^ „ ^^ZZZZ^Z 
refrrge™ fflled ta fc ^ ^ ^ <wMch ^ ~ rffc 

«-« ductire metai, ^ as a solder, is pIac ed on each refrigel entu^gt e 
and then pressure is applied thereto. «»srugnoie. 

Then, Plastic flow takes piace in the ductile metallic body due to the hea, and 
pressure, thus gradually nhi»mr,» a. , 

pluaced. Wh. * ^ < * ar8to8 fcole UDtU 11 ls «™Pl«ely 

jugged. When hearing ts stopped with the hole being completely p lugged , the LZ 

-led space ts hrought into a fidly sea!ed snrte owing to the ductile « 
result, 4c ntetalttc body substantially serves as a sealing plug 

Moreover, as for the configuration of apair of the reftigemn, charging holes one 
of tirem (for ertample, tire refrigerau, supplyiag tole) mav ^ ^J^L^Z 
tire rectanguiar hea, pipe, while tire other (for examp,e, air outien ntay be 

ductile m ?^ ab °H-T ntiOMd SM " D8 ^ "*« *™ 

r: i:c mass ~ e - - — — * 

one mo ^ "* ^ ° f "**™ Ch *^ "«* - V " toed wirh 

~ degassrng grooves, tirus cnabUng tite sealing by ,he ductile m«alltc 

sealed space due to tire sealing by tire seating plug can be prevented 

thereof ZTZ^Z "* " b **- ^ *« * " P — 

due l , ■ - . " 0m P ° nion thereof - ^ • remainder of the 

ductrle ntetaflrc body titat has fitly filled the smafe honour porrion is^ ^ 

prev^red front grinding from tire outside surface of the heat pipe As a h 
posstb.e to prevent any projection tirat may impair flamMS H b 

produced by the seairng process. P P & ° m bem 8 

In the meantime, materials havtag good heat conducurnce such as con™, 
uao, aluminum, alumtirum a»oy, ti„ n , ta ^ ^ ^ 

*e hea, prpe, ^ e water ^ ^ ^ ^ ^ ^ 
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acetone, etc. is suitable for the refrigerant 
Embodiment 1 



Next is a detailed description of embodiments of the present invention with 
reference to the attached drawings. 

Figs. 1(A) to 1(D) show a first embodiment of the heat pipe of the present 
mveuuon, in which Fig. 1(A) is a schematic bottom view thereof, Fig. 1(B) and 1(C) plan 
views thereof where the upper member is removed and a principal part thereof is enlarged 
» *e latter. Fig. 1(D) is a section thereof, respectively. Figs. 2(A) and 2(B) also show the 
present embodiment, in which Fig. 2(A) is an exploded perspective view thereof, while 
Fig. 2(B) a perspective view of the lower member thereof which is turned upside down 
Figs. 3(A) to 3(D) show plan views of the respecnve members of the heat pipe of the 
embodiment, in which only the upper member is turned upside down, while Fig 3 (E) is a 
paruaUy cutaway enlarged plan view of these members being stacked, in which the upper 

member is eliminated for exnljmjm™ „u A ■ . 

umnarea tor expiananon, showing respecuve encircled parts of the lower 

member and the upper and lower intermediate plate members. 

As shown in Fig. 1 (a), a heat pipe 2 of the present embodiment has a rectangular 
shape, such as a square shape in plan view, having a rectangular region (e.g., a square 
regron) m the center thereof, which serves as a CPU mounting section 4 that comprises 
hereinafter described projections 26. The heat pipe 2 includes a positioning hole 6 at its 
four corners, and slits 8 thereinside. 

The heat pipe 2 further includes numerous and minute capillary holes 10 in a 
non-slitted inside portion thereof where the said slits 8 are not formed. These capillary 
holes 10 are so minute that they are „ shown in Fig. i (A ), but they are clearly shown* 
Fig. 1(B). It should be noted that the provision of the minute capillary holes 10 features 
the present invention. 

e^ained^ ^ ~ Cti0nal of «* «« P*P< 2 *e embodiment „ 

explained with reference to Fig. l (D). 

Numeral 20 denotes the tabular lower member, while numeral 22 denotes me 
tabutar upper member, each of which is formed torn meral such as copper or copper aUov 
of about O.S mm thidmess, mciudiag a concave portion 2. having a cerum tLness 
(about 0.2 mm, for e*am P ,e) on an inside surface, i.e., the upper surmce of me low" 
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member 20 or me undersurfice of the upper member 22. 

Although these concave portions 24 .re communicated with one another . 

*-.«d bvoamera, 24a, (eonesponaing » *e concave portion 24 of the ta.^ 
2- whUe anorher specific reoaugute region tha, communicates ^ . 
mrough-opeuittg 36b for contracting ^ ^ md , ^ 

24b ^onuutg to tire concave portion 24 of the upper member 22). „ should be no^ 
Una the -» commuutcate" used herein shaU not be construed as Sttict augtrn.ee, of the 
pontons, but .. may mchrde a ease where there is on* a partial augumeu, between them 

Numera! 26 denotes the projections disposed on Ute aforesaid CPU mounting 
-ton 4 provtded in the center of the iower ntember 20. A device to be corded, sl^ 
CPU 28, is mounted on the CPU mounting section 4. 

Numeral 30 designates the iower intermediate plate member, while 32 the upper 

tin.ugh-ho.es 34a and 34b tbr constructing the s,i, respective* which are arranged so ^ 
to be stna v ahgned with the opposite ones, thus constructing the respective snts I 

***J£TT V T"* " VD -°™** d No. 

u<: ujs*&y3, *e respective first through-holes 34a 3ah m»„ k ■ j 

instead of being strictly aliped b Z " " W^-Dr 

intem,„r„ , meantime, each through-hole 34a of the lower 

mtertnedtate p,ate member 30 is aUowed to communicate with a pluralir, of recJZ 
concave portions 24a of the lower member 20. while each through!* Mb oZT 
tntermediate pia K member 32 is auowed to communicate with ~ , l ^Z 
concave portions 24b of the upper member 22. tecmngnlar 

In portions other than the portions where the first through-holes 34a and , 
constructing the slit are fi,™-j ... , 34b for 

are f„ m „ ! 7 ' " tef ™««a,e plate membera 30 32 

- formed wtth the second dtrough-holes 36a, 36b for constructing the capinarv bote 1 
eoustau, pitch, respective!, The second through-hoies 36a. 36b have a recCglr ^ 
such as a square shape, having the same siae. ^ 
Although *e size, shape and mutua! positionai reiationship of the rhrough-hoies 
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36a of the lower tattnnediate plate x „ ^ m ^ ^ rf ^ 

mtormediato p>ato member 32, .he positional relationship oetweeo tire opposite 
through-ho.es 36, and 36b is disptaced sncb 4a. the former is displaced from «. by 
a half pttoh bodt in a direction X and to a direction Y, said directions X and V be J 
mutually-perpendicular arbitrary directions to aplaae. 

Tlnough tire above relative displacemem, overlapping portions benveen me 
respective mrough-holes 36a and 36b can define me substantia. capUlary note ,0 so mat 
each caprUaxy hole 10 may be formed to have an area about 1/4 of that of each 
through-hole 34a or 34b. 

Here, each through-hole 36a of the lower intermediate plate member 30 is always 
allowed to communicate with the rectangular concave portions 24a of the ,ower member 
20 whrle each through-hole 36b of the upper intermediate plate member 32 is dways 
allowed to communicate with the reetongular concave portions 24b of the upper member 

As described above, each through-hole 34a of the lower intermediate plate 
member 30 is allowed to communicate with a plurality of rectangular concave portions 
24a of the lo wer member 20, while each through-hole 34b of the upper intermediate plate 
member 32 » m.owed to communicate with a pluraUty of rectangular concave porno" 
24b of the upper member 22. ' 

Accordingly, an interior space is construct by these rectangular concave 
poruons 24a of the tower ntember 20, the firs, through-ho.es 34a and seel 
tin.ugh-ho.es 36a of the lower intermedia* plate ntember 30, the firs, through-ho.es M 
and second tnrough-ho.es 36b of tire upper intermediate plate member 32. and 1 

ZZT- ~ ponions 24b of ^ member =■ s ° *" * « " «— 

m trie mtenor space. 

According to tire hear pipe 2 thus structured, no, only a hea, conduction cooling 
effect o«ng to tire vapor patir formed by the shts S is obtoined. but afco an .dditio J 
-hng effect owing to tire capillary phenomenon by tire capiUary holes .0 
and thus heat conduction effect can be enhanced. 

figS - ^ » - exptonarory diagram iUusuaring a memod for 

ZTTS aT ^ 2 0 " , » «"**« — — — P-ent invention, in 
which Fig. 4(A, to 4(C) arc sections thereof showing manufacturing stops thereof in 
Chronologtca, order, while Fig. 4(D, a plan section thereof in „hie h . *J£1 I 
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enclosed therein. 



(A) F "* °* *»» Kg. 4 (A), me respective membeIS> ,,, fc ^ 

*e 22 am prepay Moreover, peripheral edges of the uadmsurfaces of rhe 

ower and upper intennediate p,ate member, 30. 32 and the upper member 22 are each 
fonned wtth a projection 40 for pressme welding, excep, portions used as a pair of the 
^.geran, charging bo.es 42, 44 (42 is a reftigemm supp^g opening 
outaj as shown in Fig. 4 <D). Each projection 40 has a heigh, of about 35 prn and a width 
of about 50 pm (wbieh is a widm a, a proximo! side, as its width becomes greater a, a 
proxunal side than a, a dism, aide due to side etehing taking place a, the time o, formation 
by the selective etching). 

<B) Next, as shown in Fig. 4 (B). the lower member 20. me .ower intermedia* 
Plare member 30, the upper intermediate pbne member 32 and the upper member 22 are 
jomed together wiere the projections 40 are tbtmed, by means of pressum welding 
At that moment, the refrigerant chafing holes 42 and 44 remain opened so that they are 
commumeanng me interior spate of the beat pipa 2 with the exterior thereof 

(C) Next, as shown in Fig. 4 (D), a predemrmined amount of the liq tf „ refljgermI 
such as water ,s charged fan one of the opened refrigerant charging boles 42 and 44 T 
me refirgeran, ^ ^ ^ ^ ^ . ■ . 

T T* - to * riM — is ^ Si 

«r ourie, 44. After me enclostue, me mfrigemn, suppiv opening 42 and the air oudet 44 
am sea,ed compietCv, b y thennal „ bonding (i.e., heat press) of me lower membe 
20 and me upper membeI 22 „ 300 deg _ c ^ ,„„ 

r^tr pipe - *■ ^ — ^ - - * ^ — - 3 : 

Embodiment 2 

Fig. 5 is a bottom plan view showing a heat pipe 2a in accordance with a 
second embodiment of the present invention. 

extend ra^ * ^ ^ * *" ***** ^ «» «*■ 8 ^rmed to 

extend radially & o m the central CPU mounting section 4, and does not differ from the 
foregomg embodhnent shown in Figs. 1 - 3 except this point 
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According <o such heat pipe 2a, 4c effective heat dissipation toward comers from 
*. central par. can be anained, and 4ns i, is possible to allow subaantia.lv the whole area 
of the heat pipe including the comers thereof to make eflective contribution to 4c beat 
dtssrpanon, 4us malting it possible to flmher enhance the beat conduction effect. 



Embodiment 3 



Kg. 6 is a section showing a heat pipe 2b in accordance with a third embodiment 
of the present invention. 

The heat pipe 2b of 4c embodiment comprises mtee intermedia* plate mem bers 
30a, 30b and 30c, and ftree second 4rough-holes 36a, 36b and 36c for construed™ me 
capillary bo,e 10, said three through-boles 36a, 36b and 36c being displaced toward the 
outstde so 4a, 4c capillary hole ,0 is emended obliquely ounvards. Thus, me refrigerant 
near 4= heat pipe 2b mat absorbs 4e heat generated from 4e device ro be cooled is 
allowed to go up 4rough each capillary hole 10, spreading out toward the otnside 
(penpheral side). Accordingly, heat dissipation can be performed more effectively. 

RS- 7(A) to 7(C) are each explanatory cross-sectional diagrams briefly showing 
4e cooling principle of 4e heat pipe of 4e present invention, taking 4e beat pipe 2b as an 
example. Accordingly, this ^ ciple „ common n ^ ^ ^ ^ 

nerein-below described heat pipes. 

in Fig. 7(A) 4 7(C), numeral 28 designates a sibcon semiconductor chip, such as 
CPU as a devtce to be cooled, and 60 design a printed-wiriug board on which this 
stircon semiconductor chip 28 is mounted, aad 30 designates an intermediate p Iat e 

Symbol -x m 4e dmwiugs symbolically denotes 4e heat generated in the sfficon 
semiconductor chip 28 as a device to be cooled. 

(A) When hea, is genemed from the silicon semiconductor chip 28 as a source of 
heat generation during 4e use Aereof, hea, ab SM ption takes piace in 4e cennal pan (or 
4e devtce mourning section) of the beat pipe 2b due to 4e heat conduction tiuough 4c 
copper or copper alloy that makes up of 4e heat pipe 2b. Fig. 7 illustrates such hea, 
absorption phenomenon. 

(B) The reftigeranr m 4e hea, pipe 2b (for example, water, no, shown) cools 4e 
stbeon semiconductor chip 28 by 4e evaporation latent heat. At 4e same time, 4e vapor 
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of the refrigerant is allowed lo diffuse toward a neri„h ra l „ _ • , t 

vapor as shown in an arrow in Fia 7 Ml " ** ° f 

hear pipe 2b Fie , "7 ' " — — * to periphery par, of the 

nine 7h ltak f reW8erant a ' d - *• Par. of the bea, 

pipe 2b ran™ to the centra, pan mainly through ^ capi]laiy ^ £ 

7 - *" — *■ - - generated in the siUeon senucoutlrX 
28 by the evaporation latent heat, as shown in Fig. 7 (a). 

The above-meudoned cyclical phenotnenon of refrigerant is rapeated 
coutmuously. and thus the hen, dissipadon is perforated effectively ^ 

ntm dncneaa and the heat pipe 2b of the .ante dimension and thickness of the preset 

H irr, abou ;r° desrees K ta 1116 cenirai pan *• iu — 

d e g raesK S , i8 h;L;:i™^ c rrr ;r pan ^ — 325 

oegreei, K, (as illustrated with accumulated "-" ) 
peripheral region reached about 295 deare™ tc r» •„ 

^ y5 dCgrees K (as "l«strated with thinly accumulated 

Namely, in the case shown in Fig 8 CA^ th* Aim, 

the central part and the outers ° f tem P e ^ between 

F<wl ^ Tne outermost region is very large 

howev f ^ " "* ^ 2b ° f « *»— -»«» to Fig «B> 

however, the temperature thereof reached about 320-300 degrees K over thel, 

thereof, thus indicating approximately unifonn ^mperamre^ 
^-perann.aa^OdegreeaKasobservedmrco^ptte — 

figs. 8 (A) to 8(B), the heat dissipatfon effect of the heat nine 2b of ,h, 
e^remely stronger Utan the ordinary copper p,ate StJT,, u """ aU ° a " 

is compared ,, has been „ o u ^^ly, when surface temperature 

P d, has been ptoven that the heat-dissiparion effect of abou, 20 times the 
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ordinal copper pl am can be obraincd ^ fc ^ ^ jb rf ^ presan ^ 
Embodiment 4 

hereof. P* 9(B) „ a section thereof ,*en ^ong „ IiM rf ^ * 

plan wew of an device mountiae section • . ( ) 

a„mi~« t mounm 8 section being f OImed ^ 

a projection for pressure welding. 

to d,e hear pipe 2c of the embodiment me lower member (no, shown) rwo or 
more mtermediale plate members 3n»^„l„ re snown;. two or 

i . * ° at °^ y ™ eoftl ^ is sli<>wninFig.9l.andthea me r 

member (no, shown) are Unegrated together by ap ply in g bear press no, onTtoT 

p.pe. Accordnrgly, no, only me merma. expansion by me hea, from me device to ZT, 

expansion can be r>revem/»H T u,.„ • uicrmai 

oe prevented, thus improving the reliability of the h Mf ni™ ~ • • 
longer life of the heat pipe. P PC ' attammg 

Specifically, as shown in fig. 10, the lower member 20 the intend T , 
members 30a and 30b (which are no. k».v „ "Kennediate plate 

^ * not lujute£ l to two as illustrated in the drawing rH 
upper member 22 are provided such that the projections 26 for h r 
provided in the peripheral oorti. f 7 ' ^ PreSSUrC Weldin 8 

m penpheral portzon of one of the opposite members to be joined and thar 
the projections 2fia -fv.1- JUW1CU » thai 

^«jzzzzz. — - ~<* - - ~* - - 

the uppeTnltm T" ^ ^ ^ ^ ^ Md 3 ° b - 

~z.7zzr.zzz :r by app,yio * ^ ~ to - 

«M is prepared. ' * * PriOT » *• refii ^' being 

Embodiment 5 

embodiment of the mvennon, illustrating manufacturing steps thereof 
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ta * B ^-***-«««*- ^endosingarett^ such as purewater 

30a. 30h a ^ ,« T UPPer mCffil,er 22, * e Plate mentbas 

30a, 30b and 30c (whose dehuled sttuctine is no, shown) and the lower oLnber ™ 

26a. Toe refhgeran, charging hoie 50 includes one or more degassing grooves SO T 
penphera. inner surface thereof, h, the presen, en.hodio.en, ore. a^ Z Toe 
degasing groove 50a in each refrigcran, charging hole 50 

^^^^veSOaisfermedsuchd^fttecps^^^^ 
» ~-« the etterior thereof as long as a hereinafter-described seZ 

™ K,ba " bi ° f *<= "age™, chafing hole 50 has only proceeded ,o m 

cotnpicdy scaled and closed h y «he sealing spherica. body 3d. ta d>e ^ ' 

Then, as shown in Fig. 11 (A ), the reffigeran, (pure water for 
to the interior o f the hea, pipe *o m ODe of ^ ^ ^ ^ » 
renrgeratt, sup plyto g hole), using a renigetan, dispenser 52. Tte o^Tf ^ 
^ng holes 50 serves as an air oodet which discharges the air at the Jetf ^TT 

of refcgerant, and pla,s a role to aUow dte sunolv of ™.fH„. u 

performed smoothly. '* ^ ftl8Kai " "° inKri <* » * 

(B) Fig. 1 1 <B) shows a stitte after the refrigerant is supplied. 

-* as xr^dir; Mal r " ^ 56 — fr ° m ^ — 

r are prepared. In that case, the number of the sealine snheri^i u 
prepared should tk- • sealing sphencal bodies to be 

F «"«*snouia be the same as the number of all rhr- . . 

heat pipes that are m « f ~ , refrigerant charging holes 50 of the 

at pmes are manufactured at the same time. It should be noted that in fact a W 

each sphencal body 56 is Dla^ftH g - 11 

y ->o is placed on each refrigerant charging hole 50 

0 5 KPs. T "T* " ™ ' 1 »«— «*»ta, vacuum deaentdon (a, 

05 KPs, for camp,,* cairied om ^ ^ abou ™l« 

Tha, ts, degassmg of the boa, pipe to*™ is CMlled 0lH . J ° , ' , 

show the degassing directions, respectively * mVms 
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56 bv *T" » *e spherical bodies 

* by press, for ^ i, slarte<J . Futtha; ^ ^ » *- 

(for about 120 rtemw** p\ • * «=uunea, neating 

linutes I Z^TL I ^ "* "* ^ about ,o 

« for exam*. ^ ^ VMuimtag ^ ^ ^ ^ 

nraed uuo plasuc flow pmaarjly ^ m ^ 

seaietf TTten, p ressunzationi ^ ^ ^ 

58 which I' T *T to 11 ^ *** — S - * *** P'ug 
58 wlach seals the refiigerant charging hole 50. 

metbodlofrr 6 10 ^ m ^ «* enclose 

oTed *■ —-«■ *• ^erical body 56 which is «o serve as 4. sealing plug 58 * 

out all a, o La 1' T SmUlBneOUS ° f «* -«•«. can be carried 

all at once. Accordmgly, mass-productivity can be enhanced 

tbrmed F T " (A) ^ I2(B> *° W K£m,P " ° f re «8eran. charging ho.e 50 
termed on the upper member 20 of the hear pipe of the invention, m wUch^TL^is 
Plan ve„ thereof, while Fig. 12 (B) is a section thereof ' ' " 

thlof * " ttlS — * J ™ " • P-H— ■»» surface 

sphericaltdyTnTlt: Z " 7 ~" * *" ^ 56 " - « - 

* ooay :>o made from So l der , fo r example is simply placed on th* ~ 

process. ^ * W 50a - *» — *• *• degassiog 

«egass l n g groove56aalaoissealedb y d 1 espnerica.body56 ' " *" 

exterior ^otT^T V ^ * ~ > *« - 

thereof by the sealtng plug 58 ntade fi-onr ducdle tn«ai, and tints the reffigeran, is 



APR-27-06 02:41PM FROM-AKERMAN SENTERFITT 



5616596313 



T-823 P. 32/63 F-023 



23 

Figs. 13(A) and 13(B) .how another example of me refngemm chargiug Me 50 
fotmed on *. ^ member 22 of ^ hrat of ^ hTSJ," 
Plan vtew thereof, while Fig. 13 (B) is a section thereof. ( ' 

in this example, K&igerant chargjng ^ 5() . s &med so 

a miTumfil diameter at a lower end. 

formed ont ^ ^ ^ 8 ^ ° f ""*»« *«*-. We 50 

formed on the upper member 22 of the beat pipe of ,he invention, m ^ Fig . 14(A) „ . 

S =cnonp n o rt o 5 e a l mg , whU e Fig . 14(B)isasecli()1>aliersealiag 4(A,1Sa 
in this example, the refligetant eharging hole 50 is fomted to have a larger 
*»~ - a top porno, and a smaUer diameter in a bottom portion, whUe an upwld 
step pomon is formed therebetween. V*m 

According to the reSigerao, charging hole 50 thus formed, the remainder of the 
ducnle metal* hod y that has fltll, fined the smaUet bortom portion is £Z t 

prevented from protmdtng ta the outside surface of the heat pipe As a res ul t «, • 
possible to prevent any projection that may impair the flatness of ZZt^ ^ 
produced by the sealing process. nea. ptpe ftom bemg 

Alternatively, in either example shown in Figs. ,3 and 14, the degassing groove 
may be provided therein like in the example shown in Fig. 12. 

Generally the present invention is applicable to a thin and tabular heat nine 
havmg agoodheatconducta.ee, andarnanu^ 8IMthodIhereof *** '"" 

which faVeMi ° n " " 0l IO "* ltatad ty "* md configurations 

whtch can obram a similar effect by subsdtumtg or modifying a substantial* elmvall 

concept ^apersons.tiuedmthe^auobe.ongwithmthescopeofmepresr 



